An intelligent geoportal orchestrates (automatically coordinate) web services to prepare, discover and present information to the user. Implementations of web service standards by the Open Geospatial Consortium (OGC) and ISO/TC 211, Geographic information/Geomatics, such as, the Web Map Service (WMS), Web Feature Service (WFS) and Styled Layer Descriptor (SLD) enable the display of spatial data in a geoportal. Ultimately, our goal is to intelligently orchestrate web services to produce thematic maps. As a first step towards our ultimate goal, in this article, we present the results of experiments with the orchestration of OGC web services to produce thematic maps. Our goal here was to evaluate whether orchestrating OGC web services can produce thematic maps. The results prove that this is possible, but show that there is customised functionality that has to be wrapped into WPSs. This poses a challenge to on the fly intelligent orchestration, which is required in an intelligent geoportal.
Introduction
One of the aims of a spatial data infrastructure (SDI) is to share and make data available to a wide audience for their economic and societal benefit. In an SDI, a geoportal is typically used to provide access to the spatial data and associated web services for discovery, display, editing and analysis (Maguire & Longley, 2005) . For example, the focus of the European SDI, the INfrastructure for SPatial InfoRmation in Europe (INSPIRE) is on data interoperability: datasets are harmonized to facilitate the integration of individual datasets is possible.
The terms data and information, as well as SDI and spatial information infrastructure (SII), are sometimes used interchangeably and the distinction between data and information can be subjective. Also, in practice SDIs sometimes provide access to both data and information. For the purposes of our research, we distinguish between data as the raw facts that are unstructured and convey no specific message (Bellinger et al., 2004) , and information as data that is processed and prepared so as to be useful in a particular context. An SII then provides access to information, i.e. data that has been processed and prepared so as to be useful in a particular context. An SII geoportal requires intelligence to orchestrate (automatically coordinate) web services that prepare and present information, instead of data, to the user. We call this an intelligent geoportal: a geoportal that provides complex functionality through a simple user interface for a user in a specific application domain . The focus in an SII is on interoperability of processed data, making it possible to retrieve and present information rather than just raw data. This information makes specific relationships in the data visible.
A thematic map is an example of the presentation of geographical information: the original raw data is processed, additional information is generated (e.g. standard deviation, mean, etc.), and the resulting thematic map is useful to the user in a particular context. In an SDI interoperability of spatial data publishing services is implemented mainly at the level of search, view and exchange of data. In an SII interoperability of information services is also required at the level of search, view and exchange, but in addition, intelligence is required at a level of dynamic processing, interpretation and visualization of data. The intelligence requirement is in line with the observed current trend of SDIs evolving towards more distribution and dynamism (Coetzee, 2011) . Thematic maps have become increasingly popular in the last few years and interest has been especially in the use of web services to produce thematic maps; this can be contributed to the increased use of web service in general, but in SDIs specifically (Maguire & Longley, 2005) .
Interoperability of web services, whether in an SDI or an SII, requires the development and use of uniform standards. There are two levels of web service interoperability: syntactical and semantical (ISO 19119:2005 , Yue et al. 2007 . Syntactical interoperability assures that there is a technical connection enabling the transfer of data between web services. With semantical interoperability the services have a common understanding of the information that is processed and transferred between the services.
As spatial data infrastructures developed, the role and activity of standardisation bodies has increased significantly. Standards published by the International Organization for Standardisation (ISO) and the Open Geospatial Consortium (OGC) are widely accepted and implemented in SDIs, such as INSPIRE. ISO/TC 211, Geographic information/Geomatics is the ISO technical committee that deals with geographic information standards. The OGC is an industry consortium that develops open standards for spatial content and associated services and has developed a non-propriety web mapping approach based on open-interfaces, encoding and schemas (OGC, 2004) . The main goal of OGC is to come up with a set of specifications to be used as a guide to internet GIS design for different software vendors so that their designed systems can be communicated or interoperated with each other (Peng & Tsou, 2003) . ISO/TC 211 and the OGC liaise closely through the Joint Advisory Group (JAG) to ensure that standards from the two bodies are harmonized. For example, the OpenGIS Web Map Server Implementation Specification is also published as ISO 19128:2005, Geographic Information -Web Map Server Interface.
Multiple OGC web services are required to prepare and present thematic maps over the web. This can be achieved through web service orchestration, the automated arrangement of web services in a predefined pattern based on local decisions about their interactions with one another at the message and/or execution level , Suazo & Aguirre, 2005 . It uses a single process, referred to as a central controller, to control the underlying processes, executes the processes in the particular order in which they were specified. Ultimately, our goal is to intelligently orchestrate OGC web services to produce thematic maps. As a first step, in this paper we orchestrated OGC web services to produce thematic maps. Our experiments show that not all required functionality was available as OGC web services: some functionality had to be wrapped into WPSs. This poses a challenge to on the fly intelligent orchestration, which is required in an SII"s intelligent geoportal.
The remainder of the paper is structured as follows: in section 2 a brief background of cartography and computer science for thematic web services is provided; in section 3 related work is discussed; in section 4 we describe the thematic web service that we orchestrated from existing OGC web services; and in section 5 the results are discussed; section 6 has the conclusion.
Background
Our paper touches on two disciplines: cartography and computer science. In this section we provide a brief background on the cartography and computer science behind thematic web services.
Cartography
Cartography is the science and art of making a map. The cartographic process involves the transformation of unmapped data into map form involving symbolization and the map-reading activities whereby map users gain information (Dent, 1996) . Thematic cartography is a subsection of cartography that deals in detail with the production of thematic maps. A thematic map is a specific type of map that is designed to communicate information about a single topic or theme, such as population density or geology (Wade & Sommer, 2006) . A thematic map portrays the distribution of features, relationship amongst features or classifications related to a specific topic (Parr, 2000 , Robinson et al., 1995 . Cartographic methods are required to prepare information from raw spatial data for presentation in an SII"s intelligent geoportal.
Thematic cartography
When presenting information, the choice of thematic map type is very important: depending on how the information is presented, different patterns are visible and either aid or hinder the understanding of the map. One of the more popular thematic maps is the choropleth map; however, it is just one of several types available. Several types of thematic maps are available: choropleth map (refer to Figure 1a ), proportional symbols maps (refer to Figure 1b ), dot density maps (refer to Figure 1c ), cartograms (refer to Figure 1d Figure 2 depicts the thematic cartography process for a choropleth and proportional symbol map. From the diagram it can be seen that the processes are similar, with some minor differences. For example, data for the choropleth map requires standardisation, but this is optional for the proportional symbol map. The main difference between the two processes is in step 7 and 8: during the symbolization process, colour is used for a choropleth map and symbols for a proportional symbol map. The thematic cartography process can be summarised into the following steps (see figure 2):
Step 1: Determine the goal of the thematic map.
Step 2: Select the dataset.
Step 3: Obtain dataset from source.
Step 4: Specify the reference area.
Step 5: Choose the projection of the map, e.g. EPSG service.
Step 6: Decide on the thematic cartographic method.
Step 7: Standardise the dataset, if required.
Step 8: Classify the dataset, if the user selected this option.
Step 9 and 10: Symbolization process.
Step 11 and 12: Create map and additional information, e.g. legend and layout.
It is important to understand the steps involved in creating the thematic maps, before attempting to orchestrate web services to produce thematic maps. We used the process depicted in figure  2 to produce a workflow and to determine the required web services, before orchestrating these by a central controller. Web services can be orchestrated to perform the entire process depicted in figure 2, however our ThematicWS will only perform steps 3 and 7 through 12; in our implementation the cartographer still has to perform steps 1, 2, 4 to 6, and after the map has been produced the cartographer needs to ensure that the map is correct and conveys the intended message. 
Figure 2 Flow diagrams depicting the processes involved in thematic mapping

Web mapping
Cartography has evolved with the advent of the Internet and other related technologies, which brought about new methods of geographic visualisation and data exploration (Slocum et al., 2009) . Web mapping is the process of designing, implementing, generating and delivering maps on the World Wide Web (WWW) (Li et al., 2009) . The Internet has made mapping available to a wider audience, initiating neogeography and web mash-ups (Haklay et al., 2008) , which have become increasingly popular. Examples are OpenStreetMap (http://www.openstreetmap.org) and Google maps (http://maps.google.com) with Panoramio photos (refer to Figure 3 ).
Thematic maps over the web
Thematic mapping is not a default functionality of web mapping, but provides additional data exploration and spatial analysis functionalities to the user; refer to figure 4 and 5 for examples. While advances in technology have made it possible to create animated maps, choropleth and proportional symbol maps are still the most frequently implemented thematic maps on these sites. 
OGC web services
The OGC web services are modular components based on eXtensible Markup Language (XML) technology. These services are self-describing and can be published, located and invoked from anywhere on the Web or within any local network. Refer to Figure 6 for the general architecture of the OCG web service standards. The web service standards specify the input and output parameters of a web service. The graphical user interface (GUI) of a web mapping site is built by getting the input parameters from the user, sending it to a web service and presenting the web service output to the user. Our work is not concerned with the GUI, but rather with the work that the web services do. Our experiments use three OGC web services, described in the following paragraph.
The Web Map Service (WMS) provides a simple HTTP interface for requesting georeferenced map images from one or more distributed geospatial databases (OGC, 2006) . Web Feature Service (WFS) specifies an interface for retrieving and manipulating geographical features (OGC, 2010b). Web Processing Service (WPS) describes a standard interface for describing a service that provides processing functionalities to be executed in a web environment (OGC 2007) . 
Web service orchestration
Web service orchestration is the automated arrangement of web services in a predefined pattern based on local decisions about their interactions with one another at the message and/or execution level , Suazo & Aguirre, 2005 . Orchestration enables sophisticated forms of interaction with inherited intelligence or implicit automatic control. It uses a single process, referred to as a central controller, to control the underlying processes, executes the processes in the particular order in which they were specified and assigns the necessary input parameters for the WPS processes
Web service "chaining" and web service "composition" are two examples of orchestration. These terms are sometimes used interchangeably -but are they really the same? According to ISO 19119 (2005) , Yue et al. (2007) and Alameh (2003) service chaining is the process of combining monolithic services into a dependent series or pipeline to create a new web service. Web service composition on the other hand, according to Danapaquiame and Bhavani (2010) and Zeng et al. (2003) , refers to the combination of interoperable web services into a tree-like structure to create a new web service. Service chaining is thus a serial process (one web service is executed after the other), whereas service composition has a hierarchical nature (one service invokes one or more other services as part of its execution). Web service chaining and composition both take advantage of existing web services to create new, more advanced web services. Web services, conforming to ISO and OGC standards, can be used to develop such advanced geospatial web services, either through chaining or through composition. Both chaining and composition of geospatial web services can provide the intelligence required in an SII"s intelligent geoportal.
Related work
In this section we provide a brief overview of previous research related to our work.
There have been a few proposals in recent years for improving cartographic representations of spatial data over the web. Lu et al. (2007) described research issues related to the use of Geography Markup Language (GML) for visualization, such as extending style sheets for mapping purposes. Styled Layer Descriptor (SLD) is an OGC standard XML schema that can be used together with the WMS to define styles for the publication of raster and vector data on the web. Sae-Tang and Ertz (2007) proposed an extension to SLD and Symbology Encoding (SE) for thematic mapping, called SLD-T. Similar to SLD-T, Rita et al. (2010) proposed an extension to SLD and SE for cartograms. The OGC standards working group on SLD and SE 1.2 is currently working on integrating some of the recommendations proposed in these projects into the latest versions of SLD and SE. Sanvik (2008) proposed using geobrowsers together with a modified version of the Keyhole Markup Language (KML), which has been implemented successfully and made available in Google Earth. However, this implementation is limited to Google Earth and cannot be used with web services (refer to figure 5). Our work is different in that we do not attempt to improve the thematic maps, but rather attempt to automate the process of producing the thematic maps.
Service chaining is possible with WPS services, but its functionality is limited. For example, processes cannot be run asynchronously and cannot be managed while executing (Kiehle 2010) . However, wrapping existing geoprocessing functionality in a WPS makes it possible to deploy these services in the cloud, which is especially useful for resource intensive computations (Ludwig & Coetzee, 2010) .
Business process execution language (BPEL) is an executable language standard that composes services by choreographing service interactions (Weerawarana et al., 2005) . BPEL was developed by the Organisation for the Advancement of Structured Information Standards (OASIS). It is an XML-based language used to describe the control logic for web service orchestration in a business process (OASIS, 2003) . BPEL makes use of web service standards as a basis: the final process created with BPEL is exposed as a web service through the Web Services Description Language (WSDL). BPEL allows the creation of a centralized process, which invokes all the containing processes in sequential order, thus controlling the entire workflow. Complex processes based on a syntactical connection between web services can be created, but web services connected through semantics are not yet supported.
Various researchers have shown that BPEL cannot be used for orchestrating OGC web services and that other solutions are required (Weiser & Zipf, 2007 , Stollberg & Zipf, 2007 , Schaeffer, 2008 , Fleuren & Muller, 2008 . The main obstacles identified at the time were the lack of SOAP support, raw binary data served by OGC services, and the manual creation of the WSDL document for each process. These obstacles created barriers so that BPEL orchestration engines cannot be used for the orchestration of OGC web services. As a solution to the transfer of raw data, Fleuren and Muller (2008) proposed using a PostGIS database to store intermediate data for orchestration with an ActiveBPEL engine. Stollberg and Zipf (2007) investigated the use of WPS for the orchestration of OGC web services, as an alternative to BPEL. WPS services were successfully used in three different ways to orchestrate OGC web services in these experiments; the WPS service was however used in manners for which it was not intended. In 2010, Foerster et al. stated that composition of OGC web services is still difficult, due to interoperability problems. They present a common service classification to improve semantic interoperability of web services. Experiments to perform map generalization and transformation were done using the 52° North WPS framework. Amirian et al. (2010) identified problems for orchestrating OGC services and other web services. They implemented a common backend, façade service and metadata-exchange approaches as solutions for data type handling, functionality mapping and standard metadata delivery, respectively. In line with these findings, we used a workflow script, and not BPEL, for the orchestration of OGC web services.
Orchestrating the ThematicWS
In this section we describe ThematicWS, the web service that produces choropleth and proportional symbol maps by orchestrating implementations of WMS, WFS and WPS. The purpose of our experiments was to investigate the production of thematic maps with an orchestrated web service consisting of standard OGC web services. The expected result of the experiments is an orchestrated web service, which can be called using HTTP GET/POST.
We used the Common Query Language (CQL), SLD and SLD extensions in GeoServer 2.1 in our experiments. GeoServer is an open source Java-based server that allows geospatial data to be displayed and edited (OpenGeo, 2009) . GeoServer is built on the GeoTools API and implements OGC standards. CQL is a formal language, a combination of the powerful and expressive languages such as SQL and the simple and natural query language such as Google"s Query Language (The Library of Congress, 2008). We used the 52° North WPS platform for orchestrating the OGC web services. The platform provides a pluggable architecture for process and data encoding and adheres to the OpenGIS specification (http://52north.org/wps). Figure 7 (without the ThematicWS) shows how most SDI geoportals use OGC web services in their implementations. It also shows how the ThematicWS in our experiments makes use of existing standard OGC components, WFS, WMS and WPS, to implement a new orchestrated web service that is available through the SII intelligent geoportal. Figure 7 shows that the service is composed from existing standard components: WFS, WMS and WPS. The required customised programming to prepare the SLD style sheet and statistical processing are each wrapped into a WPS. The WPS provides a standard interface to invoke a processing service that e.g., does standardisation and classification. A standard OGC web service for the standardisation and classification of data does not exist. Figure 7 Components of the ThematicWS.
Applications and Geoportals
The following steps are executed to generate information from our ThematicWS. Figure 8 illustrate the steps. 1. The client (SII intelligent geoportal) sends a request for a thematic map to the ThematicWS. 2. ThematicWS requests data from a WFS. 3. ThematicWS requests statistical processing on the data source. We wrapped this into a WPS. 4. ThematicWS receives the requested results. 5. The SLD is prepared according to the statistical results. We also wrapped this functionality into a WPS.
6. ThematicWS requests an image from the WMS. A reference to the SLD is passed to the WMS. 7. WMS returns the image to the ThematicWS. 8. ThematicWS returns the image to the client (SII intelligent portal).
Figure 8 Sequence diagram illustrating the orchestration of web services in ThematicWS
The custom web services required for the ThematicWS were developed as WPSs using the 52° North WPS platform. Initially, the orchestration involved no complex logic and was executed sequentially by the central controller (see Figure 8 ). Later we added control logic to the process by specifying constraints for the classification results (see Figure 9 ). Different classification methods were executed until a classification method"s results satisfied the constraints set. 
Figure 9 Flow diagram of the implementation of the ThematicWS with constraints for controlling the classification of data
Thematic styling is possible with an implementation of SLD, but these maps are static (i.e. their styles and classes cannot vary at run-time, based on actual data values) and the generation of dynamic maps can be very demanding and time-consuming. Before the user can start thematic styling, some statistical processing is necessary, such as, the classification and standardisation of data. With the standard SLD this processing has to be performed in a separate tool and the results have to be copied manually to the SLD. Steps 3 to 6 in Figure 8 represent this processing in our ThematicWS. Each class or value of the thematic map is represented by a rule element inside the SLD: thus, the creation of an unclassed map from a dataset with thousand different values requires thousand rules! Each of these rules has to be either prepared in a separate tool and exported to an SLD, or written manually by a user. Steps 5 and 6 refer in Figure 8 represent the preparation of the SLD rules in our ThematicWS. Figures 10 and11 are examples of rules to describe one class for a choropleth and proportional symbol map respectively. The first extension to GeoServer implements a dynamic symbolizer to overcome some of the limitations of SLD. This extension was implemented in GeoServer 1.7. The dynamic symbolizer is an extension of the PointSymbolizer described in OGCs SLD standard and provides the user with the following three additional functionalities: 1) create external references that contain feature attributes as variables; 2) use decorative true type fonts as markers in the map; and 3) program one"s own dynamic symbolizers that extend existing ones and have full access to an individual feature"s attributes at run-time (Jordan, 2010) . We used this dynamic symbolizer in our implementation of ThematicWS.
In the SLD, the Mark element of the PointSymbolizer in the standard SLD specifies the graphic element to be used on the thematic map. The value of the Mark element can be a well-known name such as "square" or "circle". The ExternalGraphic element of the PointSymbolizer in the standard SLD specifies a URL to a GIF or PNG image to be used on the thematic map (Woźniak et al., 2011) . In standard SLD both Mark and ExternalGraphic are static elements, implying that they cannot vary according to individual features (i.e. all features on the thematic map are represented with the same Mark or ExternalGraphic). With the GeoServer dynamic symbolizer, a user can embed attribute names into these elements for value expansion at runtime, i.e. the value of the attribute at run-time determines the value of the Mark or ExternalGraphic element (thus the thematic style).
Another feature of the dynamic symbolizer that we used in our implementation is a valid CQL expression for the WellKnownName sub-element of the Mark element and the OnlineResource/@xlink:href sub-element of the ExternalGraphic element. This feature allows for more compact styling descriptions in the SLD in cases where the symbol name can be derived from a feature attribute value (Geoserver, 2011) . The dynamic symbolizer in GeoServer is implemented in the PointSymbolizer only and can thus be successfully used to create proportional symbol maps. A choropleth map, however, requires the use of the PolygonSymbolizer, for which the dynamic symbolizer is not implemented. Figure 12 is an example of the dynamic symbolizer in the OnlineResource element that we used in our ThematicWS. The OnlineResource element contains a CQL expression that is evaluated at run-time. The SLD rule in Figure 12 was used to create an unclassed map, displaying a user defined image for each unique value in the dataset. This method is optimal for unclassed symbol maps. The second GeoServer extension to standard SLD that we used in our implementation is the ability to pass parameter values from the WMS request into the SLD style sheet. This provides the user with the ability to dynamically change colours, fonts, sizes and filter thresholds in the SLD style sheet (GeoServer, 2011) . In the GetMap request a list of env parameters are added as follows:
...&env=paramName:value;otherParam=otherValue&...
The env function can be specified in any element of an SLD rule where an OGC expression is used, such as in the size, offsets, filter and CssParameter elements. Figure 13 is an example of an SLD rule for a choropleth map using the env function for parameter substitution in the filter and CssParameter (contains an SVG/CSS graphical-formatting parameter, e.g. stroke and fill): lowerlimit and lowercolour are specified to be env parameters in the filter and CssParameter elements respectively. Default values for each parameter are specified (200,000 and 00FF00). The default value is used if the parameter is not passed with the GetMap request. Based on the results of the data classification and standardisation, we specified the lower limit and colour for each class in the parameters of the GetMap request. This example shows how we were able to dynamically change the parameters for the resulting choropleth map. 
Discussion of Results
In our experiments we orchestrated OGC web services to produce a thematic map. The orchestration was performed with a workflow script, which relied on syntactical interoperability of the services. Aside from the standard components available by OGC, we used three extensions to SLD in GeoServer to produce the thematic maps. Our experiments show that a thematic web service can be orchestrated from standard components, such as WMS, WFS and WPS, that make use of other standards, such as CQL and SLD. However, there are two limitations. Firstly, the customized programming for the statistical processing and classification needs to be wrapped into a WPS to make orchestration of standard web service components possible (refer to Figure 8 ). This poses a challenge to on the fly intelligent orchestration of web services in an intelligent geoportal. Figure 2 provides an outline of the thematic cartography process. We showed in our experiments that there are standards that can be used in some of the steps of this process, as shown in Table 1 . There is not a standard for the standardisation and classification of data and the symbolization functionality of the standards is lacking. Therefore implementations of these standards do not yet allow on the fly intelligent orchestration of web services. Improvements on these standards and/or semantic descriptions of these web services are required for intelligent orchestration.
There are several advantages to standardising the input and output of a web service for the statistical processing of data: this will make it possible to produce off-the-shelf components that can be re-used by many web thematic mapping applications (eliminating the cost of developing components); modularity and code re-use are important elements of an SOA; and thematic maps produced by different web services can more easily be compared. 
A standard is required
SLD allows symbolization but has limitations for dynamic thematic mapping.
WMS renders a thematic map
Secondly, the GeoServer extensions to SLD automate some of this programming, but relying on them limits interoperability, because the dynamic symbolizer, for example, is not a standard. Thus, a solution implementing the SLD extensions cannot readily be ported to another OGC compliant WMS implementation, i.e. independent intelligent orchestration of web services is not possible. Hopefully, the ongoing work in the OGC standards working group on "SLD and SE 1.2" will solve some of these problems. At present, the standards working group "SLD and SE 1.2" are busy with integrating a DiagramSymbolizer (similar to the PointSymbolizer) into SLD. The DiagramSymbolizer allows the user to visualize multiple data values using diagrams.
The work on the new version of SLD and SE was prompted by numerous change requests to extend SLD and SE for improved thematic mapping, some as early as 2007. A recent change request posted in the 2011 re-voting process proposes the addition of classification methods to the SLD standard. However, implementing these methods requires the DescribeLayer operation in WMS to contain Count, Maximum, Minimum, Sum, Mean and StandardDeviation properties for every ogc:PropertyName element. Therefore, the revised WMS (currently being prepared) has to precede that of the revised SLD. The GeoServer development team submitted a change request in 2011 to include all the GeoServer extensions and improvements to SLD. Work on these requests is still in progress. In addition, the extensions to SLD in GeoServer are not comprehensive, for example, CQL expressions in the LineSymbolizer and PolygonSymbolizer are not supported, but OGC is not yet looking at these.
Conclusion
In this paper we presented our experiments with the orchestration of a thematic web service, ThematicWS, from existing OGC web service implementations in GeoServer. Our goal was to evaluate the role of orchestration of OGC web services for thematic maps. In our experiments we showed that thematic maps can be produced by orchestrating OGC web services, but that there are limitations. Firstly, quite a lot of customised programming is required that needs to be wrapped in WPS services to standardise and classify data and also to prepare the rules for the SLD. Secondly, the extensions to SLD implemented in GeoServer, as well as those proposed by others, allow some flexibility for varying the styles of thematic maps at run-time. However, because we used these GeoServer specific extensions in ThematicWS, this part of the implementation cannot be exchanged (i.e. it is not interoperable). If only standardised OGC web services were used, interchanging different implementations of the OGC web services would be possible. The current work in OGC on improving the SLD standard may in future eliminate the need to use customised extensions to SLD.
Orchestrating OGC web services to produce thematic maps has advantages: different OGC web service implementations can be exchanged (interoperability), existing OGC web service implementations can be re-used, saving on costs (code re-use), and well-known standardised OGC protocols are used. A disadvantage of using standardised OGC web services is the lack of flexibility: with a standard one only gets the standard functionality, nothing more and nothing less. However, there will always be a trade-off between flexibility and code re-use.
The lack of standardized web services for some parts of the thematic web map production creates obstacles in the efforts to develop a spatial information infrastructure. At present, an implementation of thematic web mapping using vendor independent web services is complex. The results of our experiments show that the implementation of SII with vendor independent services can be simplified through the standardization of web services. Producing OGC web service standards, for example, for the statistical processing and classification of data, will make it possible to create vendor independent components that can be used to build an SII.
Our results prove that orchestration of web services based on syntactical interoperability is successfully applied to predefined problems, such as the automated production of thematic maps. However, semantically interoperable web services are required to solve more complex problems where, for example, a relevant service needs to be discovered at run-time.
Our experiments show that a computer can automate the process of thematic map production, but there are risks that a computer could prepare thematic maps that are misinterpreted by humans. In our research, we did not attempt to mitigate this risk, but it definitely requires further research.
In further work we aim to propose a standard web service interface for the standardisation and classification of data. We plan to extend the implementation of our ThematicWS from choropleth and proportional symbol maps to other kinds of thematic maps. In this paper we only experimented with the orchestration of web services; however, the ultimate goal is the intelligent orchestration of web services to produce thematic maps. For this we plan to employ semantic web service descriptions. In addition, we aim to develop a metadata schema that describes thematic maps, which will provide cartographic information interoperability. Such a schema will be useful, for example, when evaluating climate change: the schema will enable the overlay of different thematic maps (e.g. using different classification methods and symbolization) showing sea water temperatures in different years.
